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Abstract

Background—In 2011, the National Comprehensive Cancer Network (NCCN) recommended
KRAS testing for metastatic colorectal cancer (MCRC) patients. Our study assessed KRAS testing
prevalence and its association with socio-demographic and clinical factors and examined first-line
treatment.

Methods—Ten state population-based registries supported by Centers for Disease Control and
Prevention's (CDC) National Program of Cancer Registries (NPCR) collected detailed cancer
information on MCRC cases diagnosed in 2011, including KRAS biomarker testing and first-line
treatment from ten central cancer registries. Data were analyzed with Chi-square tests and
multivariate logistic regression.

Results—Of the 3,608 mMCRC cases, 27% (n = 992) had a documented KRAS test. Increased age
at diagnosis (p < 0.0001), racial/ethnic minorities (p = 0.0155), public insurance (p = 0.0018), and
lower census tract education (p = 0.0023) were associated with less KRAS testing. Significant
geographic variation in KRAS testing (p < 0.0001) ranged from 46% in New Hampshire to 18% in
California. After adjusting for all covariates, age and residence at diagnosis (both p < 0.0001)
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remained predictors of KRAStesting. Non-Hispanic Blacks had less KRAS testing than non-
Hispanic Whites (OR = 0.77, 95% CI = 0.61-0.97). Among those tested and found to have normal
(wild-type) KRAS, 7% received anti-EGFR treatment; none received such treatment among those
with KRAS mutated gene.

Conclusions—Despite NCCN guideline recommendations, 73% of mCRC cases diagnosed in
2011 had no documented KRAS test. Disparities in KRAS testing existed based on age, race, and
residence at diagnosis.

Impact—These findings show the capacity of monitoring KRAS testing in the US using cancer
registry data and suggest the need to understand the low uptake of KRAS testing, and associated
treatment choices during the first year since diagnosis.
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Introduction

Although the incidence of colorectal cancer (CRC) has declined over the years, from 57.6
cases in 1998 to 38.9 cases in 2012 per 100,000 population, CRC remains the second
leading cause of cancer deaths among men and women of all races in the United States [1].
In 2015, the United States Cancer Statistics reported there were 51,516 CRC deaths in 2012
among men and women of all races [1]. Metastatic colorectal cancer (nCRC), defined as
stage 1V, accounts for about 20% of newly diagnosed CRC and has a five year relative
survival rate of 14% [2].

Studies indicate that mutations in the Kirsten rat sarcoma viral oncogene homolog (KRAS)
occur in approximately 35% to 43% of mCRC [3-6]. Results from clinical trials showed that
patients with the normal (wild-type) KRAS gene responded to anti-epidermal growth factor
receptor (EGFR) monoclonal antibody therapies, cetuximab (Erbitux®) and panitumumab
(\Vectibix®); whereas those with the KRAS mutation did not [6-8]. Furthermore, these
monoclonal antibody therapies have demonstrated improved progression-free survival and
overall survival in patients with wild-type KRAStumors [9, 10]. As a result, the National
Comprehensive Cancer Network (NCCN) updated its CRC guidelines in 2008 to
recommend KRAS testing for all mCRC patients upon diagnosis and prior to treatment [11].
In April 2009, the American Society of Clinical Oncology (ASCO) released a guideline
recommendation to test for KRASin mCRC patients who were candidates for anti-EGFR
treatment [12]. Consequently, the US Food and Drug Administration (FDA) implemented
labeling changes in July 2009 to cetuximab (originally approved in 2004) and panitumumab
(originally approved in 2006) after clinical trials revealed the benefit of these agents for
those with a wild-type KRAS oncogene [13]. At the time of data collection for nCRC
diagnosis year 2011, NCCN guidelines recommended testing for the KRAS oncogene only
among mCRC patients [14]. However, the evolution of recent research found that mCRC
patients with RAS mutations on the KRAS as well as the NRAS oncogene do not respond to
anti-EGFR treatment either [15-17]. NCCN currently recommends genotyping tumor tissue
for both KRAS and NRAS mutations for mCRC giving a result of either normal (wild-type)

J Cancer Res Ther (Manch). Author manuscript; available in PMC 2017 June 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rico et al. Page 3

and able to receive anti-EGFR treatment; or a mutated status and should not be treated with
anti-EGFR treatment [18]. NCCN recommends genotyping the tumor tissue to test for these
oncogenes; however, a particular method (e.g., sequencing, hybridization) is not
recommended [18].

The primary objective of this study was to determine KRAS testing in clinical practice for
mCRC diagnosis year 2011 in ten US states using data from the Centers for Disease Control
and Prevention's (CDC) population-based central cancer registries as well as evaluate the
association of patient demographics and socioeconomic measures with the use of KRAS
testing. This study also examines treatment received within 12 months of diagnosis of
mCRC, with attention to anti-EGFR treatment by KRAS testing status and results.

Materials and methods

Data source

Funding from the American Recovery and Reinvestment Act of 2009 allowed CDC's
National Program of Cancer Registries (NPCR) to enhance standard practices and collect
additional biomarker and treatment data in ten central cancer registries (Alaska, California,
Colorado, Florida, Idaho, Louisiana, New Hampshire, North Carolina, Rhode Island, and
Texas) to support Comparative Effectiveness Research (CER) [19]. Participating central
cancer registries collected data on all patients who were diagnosed with CRC in 2011 in
their entire state with the exception of California and Florida, whose catchment areas were
13 counties in the Sacramento area and 5 Miami metro counties, respectively. At the time of
data collection for diagnosis year 2011, the NCCN guidelines recommended testing for the
KRAS oncogene only [14]. Certified Tumor Registrars abstracted both NPCR required
standard variables from the North American Association of Central Cancer Registries
(NAACCR) and defined non-NAACCR standard data items and included information up to
12 months post-diagnosis [19].

Information regarding KRAS biomarker testing and first-line chemotherapy agents was
collected for the first time in NPCR as part of this project. Abstractors collected KRAS
testing and treatment information by several means including onsite visits to diagnosis/
treatment facilities, remote access to patients' medical records, or by facilities sending the
information to the registries [19]. Receiving a KRAS test, defined as “Tested” meant there
was documentation in a patient's medical record; otherwise, if no documentation was found
then we assumed no KRAS testing was performed and defined as “Not Tested.” To
standardize collection of treatment agents, abstractors collected the Cancer Chemotherapy
National Service Center (NSC) number assigned to oncology drugs provided by the National
Cancer Institute (NCI) SEER*Rx — Interactive Antineoplastic Drugs Database [20], or if a
number did not exist in the database CDC assigned the drug a specific number. During the
creation of the analytic data set, project staff converted NSC numbers to generic agent
names using information provided by NCI's SEER*Rx — Interactive Antineoplastic Drugs
Database and SAS programs. A detailed description of the CER project and study
methodology has been published [19]. Currently, NPCR does not collect KRAS or NRAS
biomarker testing data; the collection of KRAS biomarker data was a special project from
cancer diagnosis year 2011 only.
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Study population

This study included 4,626 male and female patients residing in ten CDC central cancer
registries who were diagnosed with mCRC (ICD-O-3 site codes: C18.0, C18.2 - C18.9,
C19.9, and C20.9) in 2011. We excluded cases with histologies that did not meet the
American Joint Committee on Cancer (AJCC) 7t edition staging for CRCs (n = 93),
missing KRAS testing information (n = 6), unknown/other race (n = 147), transsexual/
unknown sex (n = 3), and patients who died within two months of diagnosis or had missing
information on the time from diagnosis to death (n = 769). These patients were excluded
because if they were too sick to be treated then more than likely they would not be tested for
KRAS. A total of 3,608 (78%) mCRC cases met criteria and were included in the data
analysis (Figure 1).

Data variables

Demographic variables evaluated were age at diagnosis, race/ethnicity, sex, residence at
diagnosis, and insurance status. Census tract-level socioeconomic variables assessed were
poverty level, education, and rural/urban residence, which were linked to the data set from
the 2010 US Census Bureau American Community Survey (ACS) [21]. Poverty level was
dichotomized into two categories: living in a census tract with < 20% or = 20% of people
living under federal poverty level. Education level was also dichotomized into two
categories: low and high education level. Low education level was defined as living in a
census tract with > 25% adults (age 25 years and older) without a high school education, and
high education level was defined as living in a census tract with < 25% without a high
school education. Rural/urban residence was defined as urban, rural, or mixed by census
tract. A comorbid condition was defined as a pre-existing health condition and/or a health
condition diagnosed during the cancer treatment. Quan's coding algorithms were used to
define comorbid conditions in ICD-9-CM [22]. We included up to 15 comorbidities in this
study, and they were categorized based on the number of Charlson comorbidities (none, 1, 2
or more) [23]. Comorbidities were considered not present if no comorbidity was
documented in the medical chart or if it was unknown whether a patient had Charlson
comorbidity when the cancer was diagnosed. Treatment regimens were then defined
according to 2011 NCCN guidelines [14]. Receiving anti-EGFR treatment was defined as
receiving cetuximab or panitumumab, either in combination with a regimen or alone.

Statistical methods

We examined the association of demographics, socioeconomic measures, and comorbidities
using the Pearson Chi-square test for discrete variables and the Kruskal-Wallis test for
continuous variables; differences were considered significant at £< 0.05. Some variables
had missing information: insurance status (n = 161), census tract poverty (n = 21), census
tract education (n = 17), and census tract rural/urban (n = 17). A multivariate logistic
regression model was used to determine the significant predictors of KRAS testing (Tested
vs. Not Tested). Independent variables were age at diagnosis, race/ethnicity, sex, residence at
diagnosis, insurance status, comorbidities, and census tract-level poverty, education, and
rural/urban residence. The linearity assumption for the continuous age variable was assessed
using restricted cubic spline functions [24]. The plot of the restricted cubic spline fit
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suggested a piecewise linear relationship between age at diagnosis and KRAS testing. In the
final model, age at diagnosis is transformed using a linear spline function with a knot at age
70 because age was split into two linear segments at age 70.

Results

KRAS testing

Of the 3,608 mMCRC cases, 992 (27%) received a documented KRAS test compared to 2,616
(73%) with no documented KRAS test (Table 1). Of the 992 cases with a documented
KRAS test, 534 (54%) had a normal KRAS gene, 422 (42%) had a mutated gene, and 36
(4%) had a test ordered but results were not available in the chart (Figure 1).

Among the patient characteristics (Table 1), older age at diagnosis, race/ethnicity other than
White, public insurance, and lower census tract education were all associated with less
KRAS testing. Cases who did not receive a KRAS test had a median age of 64 years ((25th,
75th percentile) 55, 75) compared to a median age of 61 years (51, 69) for those who did
receive a KRAS test. Among the age categories analyzed, those who were = 75 had the
lowest use of KRAS testing (18%) compared with the other age groups. Hispanics and non-
Hispanic Blacks had the lowest use of KRAS testing (25% and 24% respectively) compared
to non-Hispanic Whites (29%). Those with Medicaid or Medicare and other public insurance
had lower use of KRAStesting (26% and 25%, respectively) compared to those with no
insurance and private insurance (both 31%). Living in a census tract with low education
level was associated with lower use of KRAS testing (24%). There were also significant
differences in KRAS testing by residence at diagnosis (p < 0.0001). The lowest rates were in
California (18%), Louisiana (23%), Texas (23%), and Florida (26%) among the ten central
cancer registries. There were no statistically significant differences in KRAS testing by sex,
census tract poverty, census tract rural/urban, and comorbidities.

In multivariate analysis (Table 2), after adjusting for all covariates age at diagnosis, and
residence at diagnosis remained significant predictors of KRAS testing (both p < 0.0001).
The relationship between age and KRAS testing was non-linear. Increased age was
associated with lower KRAS testing, but this effect was stronger above age 70 (OR = 0.76,
95% CI = 0.69-0.84 vs. OR =0.92, 95% CI = 0.88 - 0.96 below age 70 per 5-year increase).
The model confirmed geographic differences in KRAStesting (p < 0.0001). Colorado,
Idaho, New Hampshire, Rhode Island, and North Carolina had more KRAS testing
compared to Texas (referent group). Texas was used as the referent group because they had
the largest number of cases. Among these states, the odds of receiving a KRAS test was
highest for New Hampshire and Rhode Island (almost 3 times higher). The overall effect of
race/ethnicity across all age groups was not statistically significant. However, the effect of
non-Hispanic Blacks compared to non-Hispanic Whites was statistically significant; non-
Hispanic Blacks had lower KRAS testing compared to non-Hispanic Whites (OR = 0.77,
95% CI = 0.61-0.97).
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First-line treatment

Of the 992 cases who had documented KRAS testing, detailed first treatment information
was recorded for 678 cases (after excluding 110 cases who reported no chemotherapy; 34
whose chemotherapy status was unknown; 4 cases with discrepancies among treatment
variables; and 166 lacking detailed chemotherapy) (Table 3). The most common regimens
were FOLFOX + bevacizumab (30%) and FOLFOX alone (17%), which are both first-line
NCCN-recommended treatments at the time [14]. Twenty four cases with a document KRAS
test (3%) received anti-EGFR treatment (Table 3). For the 2,616 cases who did not receive a
documented KRAS test, detailed first-line treatment information was available for 1,156
cases who had no documentation of KRAStesting (Table 3). These cases received similar
first-line treatment trend as those who were tested for KRAS. The most common treatments
received were FOLFOX + bevacizumab (28%) or FOLFOX alone (17%) (Table 3). Thirteen
cases (1%) received anti-EGFR treatment even though these cases did not have a
documented KRAS test (Table 3).

Overall, of the thirty-seven cases who received anti-EGFR, 65% had a documented KRAS
test while 35% did not (data not shown). Among those with documentation of both KRAS
result and first-line treatment, 354 cases were wild-type and 24 (7%) of these received anti-
EGFR treatment; among the 303 cases who had a mutated gene, none (0%) received anti-
EGFR treatment (Table 4).

Discussion

CDC's NPCR collected KRAS testing information and first-line treatment from ten central
cancer registries for the first time as part of a registry enhancement project to support
Comparative Effectiveness Research. Our findings show that, despite the 2009 NCCN
guideline to test all patients with mCRC for the KRAS mutation, only 27% of mCRC cases
diagnosed in 2011 had a documented KRAS test. Furthermore, among the 534 patients with
documented wild-type KRAS mutation for which evidence supports use of anti-EGFR, only
24 (7%) had documentation of anti-EGFR treatment within the first year of diagnosis. There
are several reasons KRAS testing and targeted treatment may be low. One factor may be the
delayed integration of NCCN guidelines in clinical practice. Even though recommendations
were introduced as early as 2008, lag times from when a recommendation is made to
implementation into clinical practice is well known [25, 26]. Also, 2009 KRAS testing
guidance from ASCO was more conservative, encouraging testing if anti-EGFR treatment
was considered rather than for all patients. Our findings support that clinicians are using
FOLFOX + bevacizumab or FOLFOX alone as mCRC first-line treatment, options which do
not require a KRAS test.

Disparities in testing and treatment decisions by age, race, or geography may also be a factor
influencing the receipt of a KRAS test. First, we observed older patients were less likely to
have a documented KRAStest and this was more significant for patients who were 70 years
and older. This is probably influenced by older patients having poorer health, more
comorbidities, and/or their refusal to therapy or a physician's choice to use another type of
treatment [27-30]. Second, in contrast to previous studies, we found a racial disparity in
receiving a KRAS test among mCRC cancer patients [31, 32]. Our findings indicate that the
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odds of receiving a KRAS test are 23% lower for non-Hispanic Blacks than for non-
Hispanic Whites. Wallace et al. demonstrated that Blacks were less likely than Whites to
receive a physician's recommendation for CRC screening [31]. Blacks are also more likely
to have advanced CRC but less likely to be informed about CRC guidelines when compared
to Whites [32]. Blacks are overall less likely to be treated with chemotherapy and since
KRAS testing is closely tied to treatment, it is possible they are receiving less KRAS testing
because of this [32]. Finally, our findings also suggest a geographic disparity in receiving a
KRAS test with half of the central cancer registries: Colorado, Idaho, New Hampshire,
North Carolina, and Rhode Island reporting more testing than the southern states of Texas,
Florida, and Louisiana as well as California. Geographic differences may be explained by
practice variations among the states in our study; however, future research is needed to really
understand if there are other factors impacting this difference. Even though insurance status
was not a significant predictor of KRAS testing when controlling for other factors, our study
suggests that those who had Medicaid and Medicare and other public insurance had less
KRAS testing than those who had no insurance. This is a surprising finding as we expected
those who had no insurance to have less KRAS testing due to cost; however, insurance status
is collected at initial diagnosis and/or treatment not at the end of treatment. Harlan et al.
study found that patients who had Medicare and Medicaid were less likely to receive
guideline cancer care compared to patients who had no insurance, private, or other insurance
[33]. Overall, patient-level insurance status and census tract-level socioeconomic variables
did not influence a person's KRAS testing status as suspected. After adjusting for covariates,
lower census tract education did not remain a predictor of receiving a KRAS test.

A strength in our study is that we utilized the NPCR cancer registry system to collect and
estimate KRAS testing. Our CER project covered approximately 27% of the US population
and included diverse populations, representing approximately 25% of African Americans
and 44% of Hispanics living in the United States for 2011 diagnosis year [19]. We believe
that NPCR registries were able to adequately capture KRAS testing because our results align
with results from an analysis of 2010 Surveillance, Epidemiology, and End Results (SEER)
data by Charlton et al. that found 23% of mMCRC cases were tested for KRAS, thus
corroborating overall low use of KRAS testing in the United States [34]. Other studies have
assessed KRAS uptake in other countries and the United States that have found higher
KRAS utilization were not population-based and either used clinical trial data or integrated
healthcare data, which can offer many limitations. Webster et al. found that 36% of patients
in an integrated healthcare setting in the United States received KRAS testing [35].
Ciardiello et al. looked at KRAS utilization in Europe, Latin America, and Asia and saw an
increase of 3% in 2008 to 69% in 2010 [36]. In Webster et al. findings, patients with more
comorbidities were associated with less KRAS testing; however, our study did not find the
number of Charlson comorbidities to impact a person's KRAS testing status.

More significantly, our study is the first to collect detailed first-line treatment agents,
including anti-EGFR, for mCRC on a population level by KRAS status. We found that anti-
EGFR is given sparingly as first-line treatment including among those with a documented
normal KRAS. However, no one in our study received anti-EGFR treatment who was tested
and had a mutated gene. The low use of anti-EGFR treatment was also seen in Abrams et al.
study, given to only 4% of their US-wide mCRC cohort [37]. Our data showed that
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FOLFOX + bevacizumab was the most common first-line chemotherapy treatment given to
both tested and not tested groups. The second most common treatment was FOLFOX among
both groups. Both of these treatments do not require a KRAS test. According to NCCN
guidelines, there are several chemotherapy first-line regimens a physician can chose to
prescribe a patient, other than anti-EGFR treatment, that are equally efficient based on
NCCN recommendations and would not require a KRAS test. Moreover, another underlying
factor potentially influencing physicians to use anti-EGFR treatment so sparingly is that it is
substantially more expensive than other available treatments [7]; however, cost was not
evaluated in this study.

Despite CDC's NPCR standardized cancer collection system and abstractors who were
trained on coding for non-NAACCR variables, there may have been limitations related to
capturing KRAS testing. This was the first time KRAS biomarker data were collected and
there may have been abstractors who missed KRAS testing information from a patient's
medical chart or the test results were not found in the medical chart. Pathology reports are
not standardized; therefore, this makes it harder for abstractors to find the required
information at physicians' offices, which can be very labor intensive and subject to human
error. Also, KRAS tests are sometimes sent to outside laboratories and results take time to be
entered into. Results could have been missed if they were entered after the abstraction
period. Data were only collected up to 12 months post-diagnosis. Therefore, it was not
possible to further analyze the treatment data. If data collection had lasted longer, it is
possible KRAS testing utilization could have increased if a patient's first-line treatment
failed. Another limitation which may account for why our study did not find comorbidities
to impact a person's KRAS testing status; those who had no documented comorbidities
could include those patients with unknown comorbidities. Lastly, while cost of KRAS
testing and anti-EGFR therapy may influence the decision of KRAS testing, we did not
collect such information.

Conclusion

This is the first population-based study that assessed both KRAS testing and detailed first-
line treatment information. Our findings help understand KRAS testing in the diagnosis year
2011, which to our knowledge is the latest population-based data on KRAS testing. The
limited use of KRAS testing and use of anti-EGFR treatment reflects the slow adoption and
incorporation of biomarkers in cancer care, despite guidance from professional
organizations. The application of biomarkers is expanding in the diagnosis and treatment of
solid tumors. Thus, there is a need to validate the capture of these factors in cancer
surveillance systems as well as conduct longitudinal studies to examine testing and treatment
beyond the first year of diagnosis, including the impact on cancer recurrence and death. The
findings of our study, however, demonstrated that capacity of cancer registries to assess
KRAS to document the uptake of KRAS testing in the United States and provide the
foundation to study the impact of KRAS on treatment decisions and patient-centered
outcomes.
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(54%) (42%) (4%)

Figure 1.

KRAS testing and result among Stage IV colorectal cancer diagnosed in 2011.
Note:1Time to death within two months or missing (n = 769), unknown race or sex (n =

150), histology that did not meet criteria for staging (n=93), missing KRAS testing

information (n = 6).
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Table 1

Patient characteristics and KRAS testing status among metastatic colorectal cancer diagnosed in 2011.

Tested Not Tested P
Patient characteristic N =992 (27%) N =2616 (73%)
Age at Diagnosis median(25t, 75t percentile) 61 (51, 69) 64 (55, 75) <0.0001
Age at diagnosis <0.0001
<50 199 (36%) 347 (64%)
50-59 265 (31%) 582 (69%)
60-64 163 (30%) 385 (70%)
65-74 216 (26%) 629 (74%)
>75 149 (18%) 673 (82%)
Race/Ethnicity 0.0155
Non-Hispanic Whites 688 (29%) 1681 (71%)
Non-Hispanic Blacks 149 (24%) 465 (76%)
Hispanic 155 (25%) 470 (75%)
Sex 0.5449
Male 550 (28%) 1421 (72%)
Female 442 (27%) 1195 (73%)
Residence at diagnosis <0.0001
AK 12 (44%) 15 (56%)
cad 35 (18%) 163 (82%)
CO 88 (38%) 142 (62%)
FLA 160 (26%) 444 (74%)
D 44 (36%) 78 (64%)
LA 81 (23%) 278 (77%)
NC 211 (35%) 392 (65%)
NH 38 (46%) 44 (54%)
RI 24 (38%) 39 (62%)
X 299 (23%) 1021 (77%)
Census tract poverty? 0.2201
< 20% 733 (28%) 1886 (72%)
>20% 251 (26%) 717 (74%)
Insurance status® 0.0018
No insurance 99 (31%) 221 (69%)
Private insurance 446 (31%) 999 (69%)
Medicaid 124 (26%) 362 (74%)
Medicare and other public insurance 296 (25%) 900 (75%)
Census tract education” 0.0023
< 25% without a HS education 773 (29%) 1916 (71%)
> 25% without a HS education 212 (24%) 690 (76%)
Census tract Rural/Urban® 0.374
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Tested Not Tested P
Rural 84 (26%) 239 (74%)
Urban 544 (27%) 1486 (73%)
Mixed 357 (29%) 881 (71%)
Number of Charlson comorbidities 0.1646

0 comorbid condition 740 (28%) 1902 (72%)
1 comorbid condition 195 (27%) 517 (73%)
>2 comorbid condition 57 (22%) 197 (78%)

Note:

% rom selected catchment areas;

bOf the 3608, excluded 21 missing cases;
cOf the 3608, excluded 161 missing cases;
dOf the 3608, excluded 17 missing cases;

61Of the 3608, excluded 17 missing cases.
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Table 2

Multivariate logistic regression of patient characteristics to having a KRAS test among metastatic colorectal

patients diagnosed in 2011.

Characteristic Value OR 95% Cl P
Age at diagnosis? (per 5-year increase) Below 70 092 (0.88,0.96) <0.0001
Above 70 0.76  (0.69, 0.84)
Race/Ethnicity Non-Hispanic Whites 1 0.0837
Non-Hispanic Blacks 0.77 (0.61,0.97)
Hispanic 0.89 (0.70,1.12)
Sex Male 1 0.8496
Female 0.99 (0.84,1.15)
Residence at diagnosis X 1 < 0.0001
AK 1.68  (0.71, 3.96)
CAC 0.7  (0.47,1.06)
CcO 1.98 (1.45,2.70)
FLY 119 (0.93,1.52)
ID 1.97  (1.31,2.97)
LA 0.93 (0.69, 1.25)
NH 298 (1.84,4.81)
NC 1.79  (1.42,2.26)
RI 2.72 (152, 4.85)
Census tract poverty <20% 1 0.2665
>20% 113 (0.91, 1.40)
Insurance status Private insurance 1 0.2216
No insurance 1.05 (0.80, 1.39)
Medicaid 0.78 (0.61,1.01)
Medicare & other public insurance  0.97  (0.80, 1.19)
Census tract education < 25% without HS 1 0.1828
= 25% without HS 0.86 (0.69, 1.07)
Census tract Rural/Urban Urban 1 0.3291
Mixed 0.98 (0.82,1.18)
Rural 0.8  (0.60, 1.08)
Number of Charlson comorbidities 0 1 0.4027
1 0.97 (0.79,1.18)
>2 0.8 (0.58,1.11)
Note:

a - - .
There were 179 missing values excluded from the logistic regression;

Age was transformed in the model using a linear spline function with a knot at Age = 70. The p-value for age is based on the test statistic from the

simultaneous test that both age coefficients are equal to 0;

C,
From selected catchment areas.
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First-line treatment regimens by KRAS testing status among stage IV colorectal patients diagnosed in 2011.

Tested Not tested
Treatment N =678 N = 1156
Non anti-EGFR 561 (82.5%) 982 (84.8%)
FOLFOX alone 112 (16.5%) 191 (16.5%)
FOLFIRI alone 13 (1.9%) 17 (1.5%)
CapeOx alone 22 (3.2%) 45 (3.9%)
FOLFOXIRI alone 7 (1.0%) 5 (0.4%)
Fluorouacil alone 32 (4.7%) 74 (6.4%)
Capecitabine alone 47 (6.9%) 99 (8.6%)
Oxaliplatin alone 42 (6.2%) 81 (7.0%)
Irinotecan alone 1(0.1%) 1(0.1%)
FOLFOX + bevacizumab 201 (29.6%) 325 (28.1%)
FOLFIRI + bevacizumab 30 (4.4%) 41 (3.5%)
CapeOx + bevacizumab 24 (3.5%) 50 (4.3%)
FOLFOXIRI + bevacizumab 18 (2.7%) 14 (1.2%)
Fluorouacil + bevacizumab 4 (0.6%) 27 (2.3%)
Capecitabine + bevacizumab 8 (1.2%) 12 (1.0%)
Anti-EGFR 24 (3.4%) 13 (1.2%)
FOLFOX + cetuximab 13 (1.9%) 7 (0.6%)
FOLFIRI + cetuximab 3 (0.4%) 3(0.3%)
FOLFOX + panitumumab 4 (0.6%) 1(0.1%)
Cetuximab alone 3(0.4%) 2(0.2%)
Panitumumab alone 1(0.1%) 0 (0.0%)
Other single agent 9 (1.3%) 34 (2.9%)
Any other multiple agents 84 (12.4%) 127 (11.0 %)
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Table 4

Receipt of anti-epidermal growth factor receptor (EGFR) monoclonal antibody therapy? among patients with
metastatic colorectal cancer with documentation of both KRAS status and treatment result within 12 months
of diagnosis in 2011.

anti-EGFR inhibitor treatment!  Normal (vvild—type)2 Abnormal (mutated)2

n =354 n=2303
Yes 24 (7%) 0 (0%)
No 330 (93%) 303 (100%)

Note:
JCetuximab (Erbitux®) or Panitumumab (Vectibix®);

ZFirst-Iine treatment was unknown for 180 normal KRAS cases and 119 abnormal KRAS cases.
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